Objective Children with neurofibromatosis type 1 (NF1) are at risk for executive functioning (EF) challenges, with little research with preschoolers. Methods EF was examined using parent and teacher ratings of preschool-aged children with NF1 (n ¼ 26) and parent ratings of unaffected children (n ¼ 37) on the Behavior Rating Inventory for Executive Functioning-Preschool Form. Relations to performance on laboratory measures were also examined. Results Based on parent ratings, children with NF1 had more dysfunction than the normative mean on the Working Memory (WM) scale and Emergent Metacognition Index (EMI). Teacher ratings indicated greater dysfunction than the normative mean on the WM and Planning/Organization scales, EMI, and General Executive Composite. Children with NF1 showed more difficulties than unaffected children on the WM scale. Teacher report of WM was significantly correlated with Differential Ability Scales-Second Edition Digits Forward performance. Conclusions WM emerged as an area of difficulty for young children with NF1.
Introduction
Neurofibromatosis type 1 (NF1) is a genetic neurocutaneous disorder, with an estimated incidence of 1 in 3,000 people (Levine, Materek, Abel, O'Donnell, & Cutting, 2006) . NF1 is a multisystem disorder that results from a mutation of the NF1 gene located on chromosome 17q11.2, which is responsible for suppressing tumor growth (Tonsgard, 2006) . The diagnosis of NF1 is based off clinical criteria established by the National Institute of Health (NIH) and includes the presence of several physical features, such as café-au-lait spots, neurofibromas, and axillary freckling (NIH, 1987) . In contrast to some genetic disorders with clearly defined cognitive phenotypes, findings regarding the impact on cognitive and behavioral outcomes in NF1 are variable. However, research indicates that in addition to medical complications, many children with NF1 experience significant cognitive, visuospatial, fine motor, language, attention, and academic difficulties (Brei, Klein-Tasman, Schwarz, & Casnar, 2014; Chapman, Waber, Bassett, Urion, & Korf, 1996; Hofman, Harris, Bryan, & Denckla, 1994; Hyman, Shores, & North, 2005 , 2006 Janke et al., 2014) . Furthermore, research suggests that executive functioning (EF) difficulties are common in school-aged children with NF1 (North, Hyman, & Barton, 2002; Ozonoff, 1999; Payne, Hyman, Shores, & North, 2011; Samango-Sprouse, 1999) . Little is known about early EF abilities in young children with NF1. Therefore, the goal of the current study was to examine parent and teacher report of emerging EF difficulties and to compare those findings with parent report of emerging EF in unaffected children. Additionally, this study aimed to examine the convergent validity between functional and lab-based measures of emerging EF.
EF is an umbrella construct used to describe a key set of high-level top-down neurocognitive processes that help activate and govern goal-directed behaviors. EF is often broken down into specific processes and include planning, organization, inhibition, working memory (WM), flexibility, shifting, problem solving, and divided attention (Denckla & Reiss, 1997; Stuss & Alexander, 2000) . At the neurological level, EF is strongly associated with the prefrontal cortex (Denckla & Reiss, 1997) . However, research suggests that successful EF requires contributions from a large cerebral network, including the basal ganglia, anterior cingulated gyrus, cerebellum, and thalamus (Baddeley & Della Sala, 1998) . Research suggests that there are three critical stage-like periods of EF development, including between the ages of 4-6 years, 9-10 years, and during adolescence (Welsh, Pennington, & Groissier, 1991) . During the first EF developmental spurt in the preschool years, there is a rapid advancement in logical thought, verbal mediation, WM, and selective attention (Welsh et al., 1991) . Disruptions in EF may negatively affect many aspects of everyday functioning, such as social relationships, academic abilities, focusing attention, and psychological wellbeing.
Because EF encompasses several separate neurocognitive processes, there has been variability in the focus and measurement of EF abilities in children with NF1. Parent report of difficulties in inhibition (Decheemaeker, Ghesquiere, Symons, Fryns, & Legius, 2005; Ferner et al., 1996; Huijbregts, Swaab, & de Sonneville, 2010; Mautner, Kluwe, Thakker, & Leark, 2002; Mazzocco et al., 1995; Rowbotham, Pit-ten Cate, Sonuga-Barke, & Huijbregts, 2009) , WM (Ferner, Hughes, & Weinman, 1996; Huijbregts et al., 2010; Payne et al., 2011; Ullrich, Ayr, Leaffer, Irons, & Rey-Casserly, 2010) , cognitive flexibility/ shifting (Descheemaeker et al., 2005; Hofman et al., 1994; Rowbotham et al., 2009) , and planning (Chapman et al., 1996; Descheemaeker et al., 2005; Hofman et al., 1994 , Hyman et al., 2005 Mazzocco et al., 1995) have been documented in school-aged children with NF1. These EF difficulties have been demonstrated when controlling for age and sex; however, the robustness of results varies when controlling for intellectual ability (Hyman et al., 2005) .
Functional questionnaires, such as the Behavior Rating Inventory of Executive Function-Preschool (BRIEF-P: Gioia, Espy, Isquith, 2003) , provide a way of understanding EF difficulties in the everyday context that traditional lab-based measures may not assess. Most previous studies examining everyday EF in children with NF1 have focused on school-aged children, and only three studies have examined emerging, functional, EF abilities in children <6 years of age, with inconsistent results (Lorenzo, Barton, Acosta, & North, 2011 Sangster, Shores, Watt & North, 2011) . Lorenzo et al. (2011) found no significant elevations and no significant differences between parent-reported BRIEF-P scores in 39 toddlers with NF1 when compared with 42 age-matched unaffected children after controlling for intellectual ability and socioeconomic status. Lorenzo et al. (2013) replicated this finding using a more stringent matched (by age, sex, and maternal level of education) case-control study of 42 children with NF1 and 42 unaffected children. However, in a sample of 26 preschoolers with NF1, Sangster et al. (2011) found a significant elevation that differed statistically from the control group composed of 21 unaffected children on the WM scale using the parent report BRIEF-P. This finding remained significant even after controlling for intellectual functioning and maternal level of education.
While these studies have laid the groundwork for better understanding of emerging everyday EF in young children with NF1, they are not without limitation. All three studies examined everyday EF using parent report only. No studies have examined teacher report of EF difficulties in young children with NF1. Little is known about whether EF difficulties may be more evident in contexts outside of the home, such as in a daycare or preschool setting, in which cognitive control and monitoring may be more essential for optimal functioning. Additionally, none of these studies formally assessed performance of EF abilities in the laboratory setting. Therefore, little is known about how parent and teacher report of everyday EF difficulty relates to lab-based measures of EF in young children. Examining relations between everyday functioning and lab-based measures of EF is crucial to provide guidelines for test selection and to help inform clinicians on how poor test performance on EF tasks may present itself in that child's everyday functioning. Furthermore, a thorough description of real-world emerging EF difficulties, across multiple contexts, is critical for the development of meaningful and valid interventions for young children with NF1, which could potentially reduce the risk for EF difficulties in later childhood.
Given the limited information available regarding the impact of EF on aspects of daily functioning in young children with NF1, the goal of the current study was (1) to examine parent and teacher perspectives on the difficulties young children with NF1 may experience with emerging EF in everyday contexts, (2) to examine relations between parent and teacher report of EF for children with NF1, (3) to compare parent ratings of EF for children with NF1 with unaffected children, and (4) to explore the relations between labbased measures of emerging EF to parent and teacher reports. Our hypotheses, based on previous literature, were that children with NF1 would have more emerging EF difficulties than unaffected children per parent report and that, generally speaking, parent and teacher report of those difficulties would not differ significantly. Additionally, given previous findings of low convergence rates between the BRIEF and lab-based measures of EF in school-aged children (Anderson, Anderson, Northam, Jacobs, & Mikiewicz, 2002; Bodnar, Prahme, Cutting, Denckla, & Mahone, 2007; Payne et al., 2011) , we did not expect to find strong correlation between the BRIEF-P and lab-based measures of emerging EF in our sample of young children with NF1.
Methods
Parents and teachers of 26 children with NF1 and parents of 37 unaffected children participated. Children ranged in age from 3 to 5 years (M ¼ 4.52, SD ¼ 0.88). The diagnosis of NF1 was based on the NIH Consensus Conference criteria (NIH, 1987) and made by a physician specializing in such diagnoses. The unaffected group consisted of children recruited from the community and siblings of children in the NF1 group (22 community children, 15 siblings). The children with NF1 and their siblings were enrolled in a larger study of cognitive and psychosocial functioning in NF1 in early childhood. Cross-sectional data obtained at their first scheduled assessment are presented here. This study was conducted with approval by the institutional review board, and informed assent and consent were obtained for each child, parent, and teacher participant.
Participants with NF1 and their siblings were recruited through neurofibromatosis specialty clinics at two Midwestern, academic hospitals. Additional unaffected children were recruited using flyers that were posted and handed out at preschools, daycare centers, and public libraries in the community. Child participants completed the assessment individually in a single testing session that required approximately 3 hours. Each child was administered age-appropriate normreferenced neuropsychological assessments by a trained member of the study team. While child participants completed the assessment, parents completed questionnaires in a private room adjacent to the testing room. For children with NF1, teachers were mailed consent forms and questionnaires, along with a self-addressed envelope. Due to funding constraints, teacher report was not collected for unaffected children, including children recruited from the community and siblings of children with NF1.
Functional EF abilities were measured using the BRIEF-P (Gioia, Espy, Isquith, 2003) . The BRIEF-P is a parent and teacher rating scale developed to provide a glimpse into everyday behaviors associated with emerging EF. Normative data collected on a representative national sample are available for children aged 2-5 years. Internal consistency reliability of the scales ranged from 0.80 to 0.97, and confirmatory factor analyses have been used to validate scale constructs. All ratings are represented by T-scores, with higher scores indicating greater difficulty. Ratings at or above 65 are considered clinically significant. Elevations that were subclinical, yet at least 1 SD above the mean (scores between 60 and 64) were considered "at-risk."
The BRIEF-P yields three index scales, composed of five clinical scales, and a global composite score. The Inhibitory Self-Control Index is composed of the Inhibit and Emotional Control (EC) scales and represents a child's ability to regulate actions, responses, emotions, and behavior using inhibitory control. The Flexibility Index (FI) is composed of the Shift and EC scales and represents a child's ability to move flexibly among actions, responses, emotions, and behavior. The Emergent Metacognition Index (EMI) is composed of the WM and Plan/Organize (P/O) scales and represents a child's ability to sustain ideas and activities in WM and to plan and organize problem-solving approaches. A Global Executive Composite (GEC) is also available, which provides an overarching summary score that incorporates all the BRIEF-P clinical scales (Gioia, Espy, Isquith, 2003) .
In addition, the BRIEF-P provides validity scales including the Negativity and Inconsistency scales. The Negativity scale measures the degree in which selective items are described in an unusually negative manner, though it is also possible that the results represent the accurate perceptions of an individual with severe executive dysfunction or that the rater was detail oriented or concrete in his/her response style (Sherman and Brooks, 2010) . The Inconsistency scale indicates the tendency to respond inconsistently on similar items relative to normative and clinical samples (Gioia, Espy, Isquith, 2003) . Although, as with the Negativity scale, an elevated Inconsistency score may also be indicative of severe EF dysfunction. Given there are no clear guidelines provided by the BRIEF-P manual, nor from previous literature, on how best to handle elevations on these two validity scales, all BRIEF-P data will be used in analysis (whether meeting validity thresholds or not).
Lab-based, neuropsychological EF abilities were measured using the Digits Forward (DF) subtest from the Differential Ability Scales-Second Edition (DAS-II: Elliot, 2007) , Dimensional Change Card Sort (DCCS: Zelazo, Muller, Frye & Marcovitch, 2003) , and A not B/Delayed Alternation (AnotB/DA: Diamond, 1988 : Espy, Kaufmann, McDiarmid, & Glisky, 1999 . The DF subtest from the DAS-II is an auditory verbal attention span task used to assess early attention skills in young children (see Rosenthal et al., 2006) . The DAS-II and its subtests have demonstrated excellent internal consistency, test-retest reliability, and correlate highly with other commonly used measures of cognitive abilities. The DCCS is a lab-based measure of early EF based off the Wisconsin Card Sorting Task. In this task, children are introduced to two target cards affixed above two containers. In the Pre-switch trial, they are instructed to match a series of cards by color and disregard the shape. In the Postswitch trial, children are asked to now match the cards by shape and disregard the color, thus measuring response inhibition. In the Switching trial, children are to play the color game if there is a black border, and play the shape game if there is no border, thus measuring WM and flexibility. Higher scores on the DCCS indicated better performance (score ranges: Color raw ¼ 0-6; Shape raw ¼ 0-6, Switch raw ¼ 0-12). AnotB and DA are adaptations of the classic Piagetian task (Piaget, 1954) and are widely used to measure pre-potent response inhibition and WM. In both measures, a treat is hidden by placing a cup over a well. In AnotB, the child watches the examiner hide the treat and then must find it after a short delay. During DA, the child is not allowed to see the treat being hidden and then must find it after a short delay while according to differing rule-sets. On both measures, higher scores indicate better performance (Score ranges: AnotB raw ¼ 0-10; DA raw ¼ 0-16). These measures have demonstrated good reliability and validity for children aged 2-6 years.
Intellectual functioning was measured using the DAS-II General Conceptual Ability (GCA) score that is equivalent to a full-scale intellectual functioning score. There is debate about whether controlling for intellectual functioning for children with neurodevelopmental disorders may "overcorrect" findings and mask true group findings (Dennis, Francis, Cirino, Barnes, & Fletcher, 2009; Lehtonen, Howie, Trump, & Huson, 2013) . Therefore, in this study, we will present findings both with and without controlling for intellectual ability to insure that we best characterized all clinically relevant findings.
Results
The data were analyzed using IBM SPSS for Windows, version 23. Findings were interpreted with respect to both statistical significance and effect size. An a priori power analysis indicated that 12-27 participants (for paired-sample t tests), 42-104 participants (for independent t test), and 21-64 participants (for correlations) would be needed to have 80% power for detecting medium-to-large-sized effects when using the traditional 0.05 criterion of statistical significance. When relevant, preliminary analyses were performed to check for violations of assumptions of normality, linearity, and homoscedasticity. BRIEF-P comparisons with both normative data and unaffected group data were completed to provide as much clinically relevant information as possible. A p-value of .05 was used to determine significance, but given the small sample size; p-values between .05 and .1 were considered trends and were also reported to decrease the chances of dismissing meaningful findings because of low power. Interpretations of Cohen's d effect sizes are as follows: small effect ¼ 0.10-0.29; medium effect ¼ 0.30-0.49; large effect ¼ 0.50 and above (Cohen, 1988 ). Cramer's V was used for chi-square analyses, and Spearman's rho was used for correlational analyses.
Twenty-six children with NF1 and 37 unaffected (22 community children, 15 siblings) children were assessed. Parent report of emerging EF was available for all 63 children. For all 26 children with NF1, teacher report was also available. There was no significant difference between the two groups in age, t (61) . The BRIEF-P Negativity scale was slightly higher than cutoff for four children with NF1 (one parent report, three teacher report) and the Inconsistence scale was slightly higher than cutoff for three children with NF1 (one parent report, two teacher report). There were no elevations on these two validity scales for unaffected children. Table I presents demographic details for each group.
Descriptive data for children with NF1 BRIEF-P parent and teacher reports are shown in Table II . For children with NF1, mean ratings were in the normal range based on parent report. However, parents of children with NF1 rated their children significantly higher than the normative mean on the WM scale, t (25) For children with NF1, there were no significant differences between parent and teacher ratings using paired sample t tests. A significant, positive correlation between parent and teacher ratings on the WM scale was found, r ¼ .39, n ¼ 26, p ¼ .05, with no other significant correlations between raters. However, after controlling for intellectual abilities using a partial correlation analysis, the correlation between parent and teacher report on the WM scale was only at trend levels, r ¼ .36, n ¼ 26, p ¼ .07.
Descriptive data for children with NF1 and for unaffected children BRIEF-P parent and teacher reports are shown in Table III . For unaffected children, parent-reported mean ratings were also in the normal range and did not differ significantly from the normative mean; however, a trend toward significance was seen on the Shift scale, t(36) ¼ À1.93, p ¼ .06, d ¼ 0.31, with ratings lower than what would be expected. Within the unaffected group, there was no significant difference on BRIEF-P parent reported mean ratings between children recruited from the community and siblings from the NF1 group. Independent t-test analysis indicated that children with NF1 showed significant difficulties on the WM scale, t(61) ¼ 1.99, p ¼ .05, when compared with unaffected children. However, that difference rendered nonsignificant after controlling for intellectual abilities, F(1, 60) ¼ 1.64, p ¼ .21, partial eta squared ¼ .03. No other significant group differences were found between groups.
Percentages of difficulty for all BRIEF-P parent and teacher reports are shown in Table IV . The percentage of parent ratings scores falling one or more standard deviations above the mean, indicating difficulty, were similar across the groups for the majority of the scales, with the exception of EC (31% NF1, 13% Unaffected), WM (46% NF1, 24% Unaffected), EMI (50% NF1, 22% Unaffected), and GEC (31% NF1, 16% Unaffected). For children with NF1, the percentage of teacher ratings scores falling one or more standard deviation above the mean were evident on the WM scale and EMI, and these scales showed the greatest number of children with difficulties (50% and 42%, respectively).
Descriptive data and relations between the WM scale and selective aspects of emerging EF laboratory measures were explored in a subsample of children with NF1 and unaffected children and is presented in Table V . Children with NF1 demonstrated significantly more difficulties on DF, t(59) ¼ À2.01, p ¼ .05, and AnotB, t(53) ¼ 2.40, p ¼ .02, tasks when compared with unaffected children. Teacher, but not parent, report on the WM scale for children with NF1 was associated with DF in the lab, r ¼ À.39, p ¼ .04. Note. GCA ¼ General Conceptual Ability; SES ¼ Socioeconomic Status. The Hollingshead SES Index was used to measure socioeconomic status. The GCA from the Differential Abilities Scales-Second Edition: Early Years Form was used to measure intellectual abilities. The GCA has a mean of 100 and standard deviation of 15. The Hollingshead SES Index has a range of 6-88, with higher scores reflecting higher SES. However, this finding rendered nonsignificant after controlling for intellectual ability, r ¼ À.21, n ¼ 24, p ¼ .30. No other significant relations were found between parent and teacher report on the WM scale and other measures of emerging EF (i.e., DCCS, AnotB, DA).
Discussion
The present study aimed to characterize the nature and frequency of everyday emerging EF abilities across multiple contexts in a sample of young children with NF1. Our results indicate that WM in the everyday context emerged as a consistent area of difficulty for young children with NF1 based on both parent and teacher reports and in comparison with unaffected children, thus indicating that some emergent EF difficulties can be reliably observed even in the preschool years. Close to half of the children with NF1 (as opposed to only 24% of unaffected children) showed difficulties on the WM scale. The WM scale measures behaviors such as staying on topic, completing a series of activities, and keeping information in mind, and may reflect early indicators of attention problems. Teacher ratings on the WM scale were significantly related to a lab-based measure related to early attention (DF). Longitudinal research is needed to examine relations between early attention difficulties and the development of EF abilities in young children with NF1.
With the exception of the WM scale, there generally was not good agreement between parents and teachers about difficulties with emerging EF. Low convergent validity between parents and teachers may be due to the variability in demands and expectations across each context. Alternatively, discrepancies between parent and teacher report may also be due to low rates of these functional EF difficulties, especially given that overall mean scores did not fall in the clinically elevated range. Our findings suggest that this may be the case given that there was good agreement between observers on the WM scale, which was the scale that showed the greatest rates of difficulty as rated by both parents and teachers. Hence, when difficulties are observed, parents and teachers show convergence regarding who is showing more and less difficulty.
Finally, results indicate that DF was the only labbased measure to correlate significantly to report of functional WM abilities, and intellectual abilities played a larger role in this relation. There are several studies that suggest that digit forward tasks measure early attention skills (see Rosenthal et al., 2006) and, as mentioned above, the WM scale assesses behaviors that may reflect early attention problems. Therefore, finding a relation between these two measures lends support to the idea that DF may be a reliable lab-based measure to use as an index for real-life, early attention difficulties in young children with NF1.
Differences in findings were evident when comparing children with NF1 with normative data versus comparing children with NF1 with unaffected group data. The use of comparing ratings with normative data is common in clinical practice and is likely to be most clinically useful. The use of an unaffected contrast group, however, allows for comparison with a group whose intellectual functioning is known and who is from a generally similar geographic area, and Significant differences from normative data: þþ p < .01. Significant group differences: *p < .05. allows for inclusion of intellectual functioning as a covariate. Given that intellectual abilities were significantly different between groups, partial correlations, controlling for GCA, were performed on all significant elevations and relations. Our findings are consistent with Lorenzo et al. (2011) in which significant elevations and relations in the WM scale were rendered nonsignificant after controlling for intellectual functioning and socioeconomic status.
There is debate regarding the appropriateness of controlling for intellectual abilities when examining cognitive and behavioral phenotypes in children with neurodevelopmental disorders (Dennis et al., 2009) and in children with NF1 (Lehtonen et al., 2013) , more specifically. Dennis et al. (2009) argue that controlling for intellectual functioning may "overcorrect" findings and undermine significant results by misrepresenting both groups (e.g., improving performance for children with NF1 and impairing performance for unaffected children). Additionally, Dennis et al. (2009) suggest that if there is shared variance between intellectual functioning and the variables of interest, using intellectual functioning as a covariate may reduce true group differences and bias findings. This point is particularly salient for this study because previous literature has highlighted the high levels of shared variance between intellectual abilities (GCA), attention (DF), and WM (see Awh, Vogel, & Oh, 2006; Cowan et al., 2005; Dennis et al., 2009; Fry & Hale, 2000; Kane & Engle, 2002; Swanson, 1996) . Given the large amount of shared variance in these three variables, parsing out intellectual functioning may thwart the relations between variables and valuable clinical information may be lost. WM impairments appear to be a particularly salient manifestation of NF1, even in young children.
The findings from this study are also consistent with previous reports that found a lack of correspondence between functional and lab-based measures of EF in school-aged children (Anderson et al., 2002; Bodnar et al., 2007; Payne et al., 2011) . There are a number of possible explanations for this lack of correlation. One explanation of low-convergent validity between functional and lab-based measures of emerging EF is that the instruments may be tapping into separate but related neural networks. EF processes are often classified into "hot" and "cold" functions. "Cold" EF abilities are thought to correspond to cognitive processes that tend not to involve much emotional arousal, such as WM, problem solving, planning, and cognitive flexibility (Grafman & Litvan, 1999) . "Hot" EF abilities are thought to correspond to cognitive processes that tend to involve more emotional or belief arousal and includes processes such as impulse control, inhibition, and social cognition (Damasio, 1995; Grafman & Litvan, 1999) . As suggested by Payne et al. (2011) , the functional measures of EF may be tapping into "hot" EF abilities, whereas the lab-based measures used in this study may be assessing "cold" EF. Studies examining convergence between the BRIEF-P and lab-based measures of "hot" EF abilities are needed to explore this hypothesis further.
Another explanation of these findings may be related to the difference in the sampling of EF behavior. On lab-based measures of EF, we are looking for a children's optimal performance by providing them with a structured setting that is free of noise and distraction. We also only ask to see performance in that one time point. When asking parents and teachers to describe their child's EF abilities, we ask them to answer based on the most common performance across a 6-month span. Therefore, given the results of this study, we propose that it is important to use both methods of measurement in neuropsychological evaluations and to better identify difficulties that young children with NF1 may be having at home and at school that may not be evident when using lab-based measurement alone.
While the present study is the first of its kind to examine both parent and teacher reports of everyday EF in young children with NF1, it is not without limitations. This study used a small sample size that may have reduced the power to detect significant Note. DCCS ¼ Dimensional Change Card Sort; AnotB ¼ A not B; DA ¼ Delayed Alternation. An independent t test was not run for DCCS Color Total Correct given the unaffected group was at ceiling and had no variability in performance.
Significant group differences: *p < .05.
differences between groups and did not include teacher report for the unaffected contrast group. Therefore, replication with a larger sample is needed. Additionally, this study used a cross-sectional design to capture emerging EF. Longitudinal work will be useful to examine the predictive utility of these early parent and teacher ratings of emerging EF for later attention and/or academic functioning. Furthermore, it has been well documented that the most reliable way to most accurately measure everyday behavior in young children would be to use direct observation of a child's behavior in multiple settings and across multiple time points; however, the present study relied on parent and teacher report of EF abilities. Relying solely on informant-rated questionnaire data introduces the possibility of rater bias (e.g., negative halo effects, positive halo effects) that could alter the interpretation of our findings. Finally, as discussed above, it is possible that our results may have been "overcorrected" when controlling for intellectual functioning. We have tried to circumvent this methodological issue by presenting the data both before and after controlling for intellectual functioning. In summary, the present study aimed to present a more thorough description of real-world emerging EF difficulties, across multiple contexts, in young children with NF1 and to compare those findings with unaffected children. Additionally, this study aimed to examine the convergent validity between functional and lab-based measures of emerging EF. Results indicated that parents and teachers report significant deficits in real world, WM abilities. Findings also indicated little agreement between parents and teachers report of functional EF difficulties across different settings. Results also highlighted low-convergent validity between functional and lab-based measures of EF in young children. More research examining functional and lab-based measures of EF abilities, across multiple contexts, in young children with NF1 will be critical for the development of meaningful and valid interventions, which could potentially reduce the risk for EF difficulties in later childhood. 
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